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OxE of the objectives of Army Quartermaster
research is increased knowledge leading to the improve-
ment of specific end products, such as plastic ma-
terials. The migration of plasticizers—the blooming
or exudation of the flexibilizing agent—is a frequent
cause of the deterioration of the plastics.  In studying
this phenomenon it was deemed desirable to evnthesize
aovariety of plusticizing compounds baving the general
characteristics of compartibility with high polvmers,
low vapor pressures, high polarity, and low freezing
points.

The field of terpene chemistry was particularly
attaetive for the exploration of new plasticizers be-
cause (1) a homologous series of compounds could be
readily prepared by well-investigated procedures,
(2) terpenes, as a rule, are active solvents for organie
high polymers, and (3) sufficient information was
available to indicate that the compounds have other
desirable properties as plasticizers, namely, fungistatic
activity.

Other than camphor, slight attention has hitherto
been paid to the terpene field in the search for new
plasticizers. It is of interest to note that the diethyl-
and the di-n-butyl] esters of camphoric acid were intro-
duced as commercial plasticizers in Germany during
World War II apparently because no other flexibilizing
agents were available for imparting to cellulose acetate
those properties which are necessary in photographic
and x-ray films.

Inasmuch as the work reported herein is preliminary
in nature, the testing of the plasticizing action of the
compounds was confined to a determination of com-~
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patibilities with selected high polymers, flexibilizing
properties at low temperature and fungistatic activity.

EXPERIMENTAL

- Terpene Carboxylic Acids

The d-camphoric acid was obtained from a com-
mercial source and was of high purity. The cam-
phenic acid was prepared (1) by oxidizing camphene

Table I. Properties of Terpene Carboxylie Acids

Neufr. equiv.

Terpene carborylic acid AM.p.e {Alpha TP Caled. Found Origin
d-Camphorie acid, CypH,04 187° +47.1 200.23 200.4 Commercial product
Camphenic acid, CioH,40;4 136.5-138° . 200.23 201.2 Oxidation of com. camphene
Camphenorie acid, CioH, 0, 133-134° 182.00 182 0 Camphenie acid
Nopinie acid, CioH,60: 128° ce. 184.20 181.2 Beta-pinene from sulphate turpentine
dl-Pinonic acid, CieH::0, 102-104° —1.09° 184.20 184.5 alpha-pinene (wood turpentine)
"Liquid pinonic éCid” Liquid +15.07° e 206.8 alpha-pinene (wood turpentine)
dl-Pinonic acid, CoH,c0y 99.5-101.5° e 18:4.20 184.0 . .
“Liquid pinonic aid” Liquid +93 50 o 952.6  ; crude slphate turpentine

¢ Al melting points reported ia this paper are uneorrected.

The compounds selected for investigation inchuded
certain esters of d-camphorie acid (1), its asymmeiric
isomer, camphenie acid (1), pinonie acid (IIT) and
camphenonie acid (IV):

The possibility of using erude mixtures of terpene
carboxylic acids, from an economy viewpoint, for
starting matetials was explored, and the esters thus pre-
pared were compared with authentie compounds.
Crude sulphate turpentine was studied as a convenient
raw material for the preparation of pinouic acid.

Tonstex Hasserstroy, CrirFonp E. Baruen, Norexe E. Kexxeny and
HaroLn W. Covres, Quartermaster (lencral Laboratories. Philadelphin, Pa.
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Table 1. Comparison of Pinonie Acids from Alpha-
Pinene and Crude Sulphate Turpentine

From ceude
sulphate turpernting

T8 vield
2567 vipld

From
al pha-pinene

“Crude pinonic acid ™ 509, vicld
dl-pinonie acid 25% vield

Hineric arid

meiting point H2—°C. 4949.5-105.0°C.
alpha |3 —1.00(". L
“Liquid pinonic aeid™ 259, vield 189 vield
falphajze + 15 07 (", +23.5°C.

{zp 1.07667 E.O07281

nis 1.4682 T.4742

Neutr. equiv. 206.8 252.6

% Higker yields may be obtained by using the procudure of Dupant {Ann.
ehim, 1923 fix) 19: 186,
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Table IIl.  Properties of Esters from Pure Terpene Carboxylic Acids

Beiling point °C., Analysis caleulated Analysis foundd Molecular Refraction

Esler Pressure LR omicrons A A C, % X, o dzo ni Caled, Found
d-Camphoric-di-n-hexyl-, CHaOr  159-161.5/65 71.69  10.94  70.60 10.37 0.96468 1.4597 104.47 104.46
Camphenie-di-n-hexyl-, CexH100,4 156-157.5/165 71.68 10,94 71.88 10.98 0.9573 1.4541 104,47 104.51
Camphenonie-n-hexyl-, CisHz50; 151-151.5/250 72.14 9.83 71.70 3.43 1.00154 1.4649 73.40 73.40
dl-Pinonic-n-hexyl-, CrelasOs 140~141.5/55-60 71.59 10.5F 71.86 10.16 0.95417 1.4561 75.43 76.47

< [Alphalp -+ 18.95°.
b Analyses by S. Sadtler & Sons, Philadelphia, Pa.

with alkaline potassium permanganate solution. The
same procedure (2) was employed for obtaining nopinic
acid from beta-pinene. Camphenonic acid was made
by refluxing eamphenic acid with acetic anhydride (3).
The directions of Bayer et al. ({} were followed for
preparing pinonic acid from alpha-pinene. The dl-
pinonic acid separates as a solid from the crude vacuum-
distilled aeid mixture, the liquid part being a mixture

esters mvolved refluxing the acid and alcohol in the
presence of 0.029, of benzene sulphonic acid and a
water-carrying-over reagent, xylene or toluene. After
the esterification was complete the ester was purified
by fractional distillation in a vacuum. Table III
shows the properties of the esters obtained from pure
acids and Table IV similar data for esters prepared
from “erude” and “liquid” pinonic acid.

Table IV. Propertics of Esters from Crude and Liquid Pinonic Acids

Boiling point °C.,

20
d

Ester pressure th microng
Pinonic-n-hexyl 113-114/260
Pinonic-n-hexyl 138-145/350-375
Pinonic-cyelohexyl 145/190
Pinonic-henzyl 160--190/200-250
Pinonic-benzyl 150--152/180
Pinonic-methyl 75-79/400
Pinonic-ethylenemonoethylglycol 120.5-121.5/100-150
Pinonic-2-ethylhexylglycol 125-140/125-195
Pinonic-acid “terpene alcohol’’s 118-184/260
Dihydrocumic-n-hexyl 129-133/175

0.9623 From alpha pinene (“Liquid pinonie” acid)
0.97107 From crude sulphate turpentine (‘Liquid pinenie’ acid)

1.0246 From crude sulphate turpentine (*“Crude pinonic’ zeid)
1.0522 From alpha pinene (“Crude pinonic” acid)
1.06965 Trom crude sulphate turpentine (“Crude pinonic' acid)
1.2638 From alpha pinene (“Crude pinonic” acid)

. From alpha pinene (“Crude pironic” acid}
1.03266 From alpha pinene (“Crude pinonic’ acid)
1.04315 TFrom alfpha pinene (“Crude pinonic” aeid)
0.96028 From nopinic acid (from beta-pinene-sulphate turpentine)

@ The “terpene alcohel' is the poorly defined mixture of glycols and aleohols. obtained on oxidation with potassium permanganate in teutral solution aceording

to Delepine, et al.,, Arn. ehim. 1943 (iv) 18: 250,

of pinonyl formie, pinie, norpinic, and optically active
pinonic acids (5). In this investigation the liquid part
ts designated as “liquid pinonic acid” and the crude
terpene mixture as “‘crude pinonic acid.” Table I
records the properties of the acids prepared.

The observation was made that unrefined crude
sulphate turpentine can be used with advantage as
starting material for producing “erude pinonic acids.”
The acids are similar in composition to the product
obtained from alpha-pinene (Table II). The di-
vergences are of the order to be expected from the use
of crude technical raw materials without refining. It
should be noted that the mereaptan odor of the crude
sulphate turpentine disappears during the oxidation
step.

Isters of Terpene Carboxylic Acids
The method employed for the preparation of the

Table V. Seolidification Points of Terpene Carboxy Acid

Esters
Freezing Al
Test materials poinds, °C. Remarks
Pinonic methy! ester —77  Crystalline
Pinonic ethylenemoneethyl
glycol ester —66  Nonerystalline
Pinonic benzyl ester —52  Nomnerystalline
dl-Pinonic n-hexyl ester —78  Plastic below these
temperatures
Pinonic n-hexyl ester (from
liguid acid) —75  Plastic below these
temperatures
Camphenic di-n-hexyl ester —79  Plastic below these
temperatures
n-Butyl phthalate —74  Crystalline
Eiethyl pht}hn.ga%e I —2  Crystalline
ommercial phthalate No. 1 —44 - TR T
Commercizl phthalate No. 2 —36 I\Olll)last‘lctb('lo“ these
Commerecizl phthalate No. 3 —50 temperatures

The alcohols employed were commercial products of
high purity. ‘

The d-camphoric-di-n-hexyl ester eould not be ob-
tained free of d-camphoric anhydride by distillation in a
vacuum of the crude n-hexyl ester, regardless of
whether the product was prepared by refluxing d-
camphoric acid and the aleohol component in the
presence of benzene sulphonic acid or obtained by
reacting the di-silver salt of d-camphoric acid with
n-hexyl iodide. This is in agreement with the previous
observation of Briihl (§) that esters of d-camphoric acid
are not stable to heat.

Solidification Points of Terpene Carboxy Acid Esters

The determination was carried out in the following
manner: A test-tube containing about 2 ml. of ester
was cooled in a mixture of dry-ice and ethyl ether and

Table VI. Fungicidal Activity of Test Compounds

FPer cent

Compound inhillion
d-Camphoric-di-n-hexyl ester 6
Camphente acid 7
Camphenic di-n-hexyl ester 9
Methyl salieylate 12
Nopinie acid 14
d-Camphoric acid 15
dl-Pinenic zeid {from alpha-pinene) 15
Crude pinonie acid (from crude sulphate turpentine) 15
Pinonic ethylenemonoethyl glycol ester 20
Liguid pinonic acid (from alpha-pinene) 20
Pinonic methyl ester 26
Salicylic acid 40
Benzoic acid 42
n-Hexyl henzoate 48
Pinonic n-hexyl ester 50
dl-Pinonic n-hexyl ester 51
Pinonie benzyl ester 54
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32 2 % a glass rod was moved slowly in the lquid.
- -8 5 & o The temperature, at which the glass rod could
g E g & g g not be moved due to crystallization or to the
£ B8 & £ B viscosity of the liquid, was recorded and desig-
oo a; " = - qe . .
£g ZEemgTe 2 nated as the solidification point. In Table V
. TEEE55E !
A E”’é E g_“ =% = the values obtained for some of the terpene car-
" i - T (= . . v
S|3 g F.2 8k 2z e 22 boxylic aeid esters are compared with some
zme2g28323g0cag ik phthalic ester plasticizers.
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o Esters of Terpene Carboxylic Acids as Plasticizers
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= e |EEERE R R EEEEEEEEEEE the resin in 1000 grams of the solvent by me-
";" [ MEpevERssoMp) |7, Z2 < chanical shaking. To 53.5 grams of this stock
o El aporon somppy | Do ey e e ry By P e o o P B P e solution was added 0.875 grams of plasticizer
= making the ratio of plasticizer to resin equal to
= T 1:4, Duplicate 25-gram portions of the solu-

. tion were poured into Petri dishes of 9.5 em.
ound g o1 suaisiijo

& diameter and the solvent allowed to evaporate
€omnsprpounimnog | - L0 00 DL LIl aver a period of approximately 3 days. The
£ X e i i h ; ined
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B by Reinhart et al. (7).
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. o v 3 -
potmi g pousiipig | OO0 O O O oo £ temperature (20°C.) was determined by fold
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_ —caeo 4 To determine the fexibility below —50°C.,
: , 223 ®  1sq. em. of the film was placed in a test tube
? 2 sy 2 which was immersed in a dry-ice acetone bath.
e b 3 S . - .
P BE5E s After a period of approximately 5 minutes,
2T ZEa:z £ the film was tested for flexibility as previously
§E‘—;, L3RRS 2 described but with the exception that the film
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turpentine, and anisic acid were characterized by their
infrared absorption curves.

It is of interest that the products derived from crude
sulphate turpentine show a characteristic absorption
band at 6.2 and 7.9 mu, which is indicative of anisic
acid. This acid is the potassium permanganate oxida-
tion product of methylchavicol (4-methoxyallylben-
zene), which is a natural constituent of turpentine from
slash and long leaf pines as deseribed some years ago
by one of us together with Hampton (8).

CONCLUSIONS

The preliminary evaluation of the plasticized films
showed that all the esters were compatible with the
cellulose esters tested with the exception of the n-
hexyl esters of d-camphoric and camphenic acids,
which caused blooming in acetate films of 53.2%, acetyl
content when employed in concentrations less than 1:4
ratio of plasticizer to resin. In polyvinyl butyral films
the terpene carboxy esters were as efficient as the com-
mercial phthalate plasticizer used as a blank. The
esters, when incorporated in polystyrene films in a 1:3
ratio, showed the same behavior as n-butyl sebacate,
but in lower concentrations produced less flexibility
than the commercial preduct.

It was revealed that the n-hexyl esters of dl-pinonic

acid exerted a fungistatic action comparable to esters of
benzoic and salicylic acids.

The slight difference in plasticizer behavior between
esters of pinonic acid prepared from alpha-pinene and
from crude sulphate turpentine is attributed to esters
of anisic acid and dihydrocumic acid, an unsaturated
aromatic acid, deriving from nopinic acid, which is an
oxidation product of beta-pinene. Nopinic acid yields
dihydrocumic acid on dehydration because of the un-
stable hydroxy group in the “I”-position of the pinene
nucleus (9).
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